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Objectives: To examine how mydriasis and the medi-
cal qualifications of photographers who take retinal pho-
tographs influence the accuracy of screening for dia-
betic retinopathy (DR).

Methods: Our meta-analysis included studies that mea-
sured the sensitivity and specificity of tests designed to de-
tect any DR, sight-threatening DR, or macular edema. Using
random-effects logistic regression, we examined the effect
of variations in mydriatic status and in medical qualifica-
tions of photographers on sensitivity and specificity.

Results: Only the category of “any DR” had sufficient con-
sistency in definition, number of studies (n=20), and num-
ber of assessments (n=40) for meta-analysis. Variations in
mydriatic status did not significantly influence sensitivity
(odds ratio [OR], 0.89; 95% confidence interval [CI], 0.56-
1.41; P=.61) or specificity (OR, 0.94; 95% CI, 0.57-1.54;
P=.80). Variations in medical qualifications of photogra-

phers did not significantly influence sensitivity (OR, 1.25;
95% CI, 0.31-5.12; P=.75). Specificity of detection of any
DR was significantly higher for screening methods that use
a photographer with specialist medical or eye qualifica-
tions (OR, 3.86; 95% CI, 1.78-8.37; P=.001).

Conclusion: Outreach screening is an effective alterna-
tive to on-site specialist examination. It has potential to
increase screening coverage of high-risk patients with DR
in remote and resource-poor settings without the risk of
missing DR and the opportunity to prevent vision loss.
Our analysis was confined to the presence or absence of
DR. Future studies should use consistent DR classifica-
tion schemes to facilitate further analysis.
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I N 2000, 171 MILLION PEOPLE WERE

estimated to have diabetes, and
more than 5 million became blind
owing to diabetic retinopathy
(DR). This number is expected

to double before 2030.1-3 Diabetic reti-
nopathy is progressive change in vascu-
lar permeability and a proliferation of frag-
ile, new retinal blood vessels.4-6 The
duration of diabetes correlates with both
DR and its severity.7,8 Even with optimal
glucose control, nearly all diabetic per-
sons will eventually develop DR.

Studies have demonstrated that early di-
agnosis and laser treatment of DR can pre-
vent severe vision loss.9-11 Because DR has
few symptoms until vision loss devel-
ops,12 regular DR screening is critical.3,13

Two recognized gold standards for DR
screening are ophthalmological examina-
tion by a trained health professional (eg,
ophthalmologist) using pupillary dila-
tion (mydriasis) and stereoscopic 7-field
fundus photography by a trained photog-
rapher with image interpretation by an ex-

perienced grader.4 Both methods require
the specialist equipment and expertise of
hospitals and specialist clinics.

Studies from Australia, the United
States, and Spain show that only 50% to
60% of diabetic individuals are screened
according to national guidelines.14-16 Dia-
betic persons who live in rural and/or re-
mote parts of high-income countries and
those who live in low- and middle-
income countries have poorer access to
specialist ophthalmological services and
lower rates of screening for DR.13,17-19 Some
populations have both high rates of dia-
betes and poor access to screening ser-
vices. For example, 37% of indigenous
adults in Australia have diabetes, 13% of
whom have already progressed to dia-
betic vision loss.20 Yet, in this popula-
tion, only 20% of diabetic persons have had
an eye examination in the past year.21

Outreach clinics by visiting specialists
have been shown to improve access to spe-
cialist services, including DR screening, for
hard-to-reach populations.22,23 However,
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population-based DR screening is far more accessible if
simple community-based screening facilities are rou-
tinely available. The need to bring the specialist to the
patient in remote locations can be reduced for many types
of health care, including screening for DR, using tele-
medicine technologies.24

A nonspecialist, community-based, outreach model for
DR screening has emerged in which: (1) Photography is
used instead of direct examination by a specialist clini-
cian, and the image is then sent to a central specialist cen-
ter. (2) The camera is operated by a photographer, tech-
nician, or health worker. (3) The pupil is generally not
dilated (nonmydriatic), unlike direct ophthalmoscopic ex-
amination and other photographic methods, which re-
quire time-consuming and temporarily disabling pupil di-
lation. (4) The image is interpreted at a different place and
time by an ophthalmologist or other trained reader.

This model has been applied in rural and/or remote areas
of Australia25 and Canada,26 and for American Indian and
Alaskan Native populations.27,28 For example, in the Kim-
berley region of northwestern Australia, local Aboriginal
health care workers take retinal photographs that are sub-
sequently interpreted by an ophthalmologist situated in
Perth, 2000 km away.29 The outreach model has also been
used in mobile vans in the United Kingdom.30

Outreach DR screening enables better coverage of at-
risk populations, especially populations that are hard to
reach.26 However, this carries the potential disadvan-
tages of reductions in screening sensitivity (which would
result in emergent cases of DR being missed) and speci-
ficity (creating undue referrals to costly specialist eye ser-
vices). Our meta-analysis aimed to estimate the effect on
screening accuracy of variations in mydriasis and in the
medical qualifications of photographers, the 2 key char-
acteristics of outreach screening methods that have the
greatest potential effect on screening coverage.

METHODS

SEARCH STRATEGY

We searched MEDLINE, EMBASE, the Cumulative Index to
Nursing and Allied Health Literature (CINAHL), the Coch-
rane Library, Rural and Remote Health Database (RURAL), and
Indigenous Australia from their inception to June 2009. The
search strategy comprised keywords for DR, DR-specific screen-

ing terms, and generic screening terms (Table 1). The refer-
ence lists of clinical guidelines and literature reviews (identi-
fied by searching these databases or already known by us) were
searched for further relevant citations.

INCLUSION CRITERIA

We included studies that aimed to evaluate the accuracy of a DR
screening method among patients with diabetes or DR in which
photography- or examination-based DR screening was com-
pared with either 7-field mydriatic photography or dilated fun-
dal examination by an ophthalmologist or equivalent specialist.
Studies of automated analysis techniques and technologies were
excluded because these are not currently standard practice. We
included studies that measured sensitivity and specificity (widely
accepted measures of a test’s diagnostic accuracy31) to detect any
DR, sight-threatening DR, or macular edema.

STUDY SELECTION

Two authors independently screened citations and full-text ar-
ticles against inclusion criteria. Disagreements were resolved
by consensus between these 2 authors or by adjudication from
an ophthalmologist (H.R.T.).

DATA EXTRACTION

Database items were developed in consultation with an expe-
rienced ophthalmologist (H.R.T.). Data extraction was per-
formed by 2 authors and piloted using 10 included studies. Ap-
proximately 10% of data were audited, and appropriate
corrections were made to the data and protocols.

We extracted data regarding country, region, and setting (spe-
cialist clinic, hospital, primary health care clinic, or out-
reach), number of patients and/or eyes in the sample, patient
characteristics (percentage of men, age, and number of years
with diabetes), prevalence of any DR in the sample, and the
reference standard (7-field mydriatic photography or dilated
fundal examination). Screening methods were categorized by
screening instrument (film, Polaroid, or digital camera, direct
examination, or scanning laser ophthalmoscope), mydriatic sta-
tus (mydriasis, no mydriasis, mixed or not reported), number
of photographic fields, medical qualifications of photogra-
phers (photographer or technician, nurse, general practi-
tioner, or ophthalmologist), and qualifications of interpreter
(general practitioner, ophthalmologist, optician, or grader).

For meta-analysis, screening methods were collapsed into
6 categories:

1. Nonmydriatic camera, nonspecialist photographer: non-
mydriatic photography performed by a person with no special-
ist medical or eye qualifications (nurse, photographer, or tech-
nician).

2. Mydriatic camera, nonspecialist photographer: mydri-
atic photography performed by a person with no specialist medi-
cal or eye qualifications.

3. Nonmydriatic camera, specialist photographer: nonmyd-
riaticphotographyperformedbyatrainedhealthprofessional(gen-
eralpractitionerordiabetologist)orpersonwithspecialisteyequali-
fications (ophthalmologist, retinal specialist, or optometrist).

4. Mydriatic camera, specialistphotographer:mydriaticpho-
tographyperformedbyatrainedhealthprofessional (generalprac-
titioner or diabetologist) or person with specialist eye qualifica-
tions (ophthalmologist, retinal specialist, or optometrist).

5. Direct examination: direct eye examination methods.
6. Other: for example, photographer not reported, mydri-

atic status mixed or not reported, or a combination of exami-
nation and photography.

Table 1. Example Search Strategy for Medline

1. Diabetic Retinopathy/
2. (diabet* adj2 retin*).mp.
3. or/1-2
4. retinal photography.mp.
5. exp Photography/ or (photo* or camera* or screen*

or telemed*).mp.
6. or/4-5
7. ((non adj2 mydriatic*) or undilate*).mp.
8. and/3,6-7
9. (sensitiv: or predictive value:).mp. or accurac:.tw.
10. exp Eye/ or eye*.tw.
11. and/7,9-10
12. or/8,11
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STATISTICAL ANALYSIS

Study characteristics were tabulated. Meta-analysis using Stata
version 10.1 statistical software (StataCorp LP, College Sta-
tion, Texas) determined sensitivity and specificity, adjusting
for other characteristics of the studies and subjects. Forest plots
portrayed sensitivity and specificity results of each included
study. Owing to variations in the methods and reporting among
studies, the unit of analysis was taken to be the number of pa-
tients rather than number of eyes. The quoted sensitivities and
specificities in each article were then applied to the number of
patients, producing a standard 2�2 table for each test within
each article. Specificities of 100% were modified to enable analy-
ses by reducing the number of true negatives by 1. We com-
puted the 95% confidence intervals (CIs) in the forest plots using
the Wilson score interval method.32

To account for multiple tests within each study and hetero-
geneity of sensitivity and specificity across studies, a 3-level ran-
dom-intercepts logistic regression model33 using 20 numeri-
cal quadrature points was used, producing pooled estimates of
sensitivity and specificity and 95% CIs (procedure xtmelogit
in Stata version 10.1). This model accommodates heteroge-
neity in the sensitivity and specificity (on the logit scale) be-
tween studies and also between tests within the same study.
Information concerning repeated measurement of subjects
within the same study was not available; therefore, the logistic
models assume that a different set of subjects was assessed for
each test within each study.

Estimates of odds ratios (ORs) comparing sensitivity and
specificity across subgroups were obtained by including the rel-
evant covariate in the regression models. The small number of
studies and tests within studies necessitated that all models as-
sumed that the level of heterogeneity across studies and tests
within studies were constant across subgroups. When the num-
ber of studies was very small and computational difficulties were
encountered, the test-within-study variance component was
omitted, and modeling proceeded using the between-study vari-
ance component only.

RESULTS

SEARCH AND SELECTION

A flowchart of the search and selection of titles and ab-
stracts is shown in Figure 1. Three hundred sixty-
three titles and abstracts were identified; 188 poten-
tially relevant full-text articles were evaluated; and 43
studies measured DR screening sensitivity and specific-
ity. However, 22 different measures of DR were re-
ported, using various permutations and combinations of
DR classification levels. Only the category of “any DR”
had sufficient consistency in definition, number of stud-
ies (n=20), and number of sensitivity and specificity as-
sessments (n=40) for meta-analysis. The most common
reason for exclusion of full-text articles was lack of com-
parison of screening method(s) with an accepted refer-
ence standard (n=59).

DATA EXTRACTION

Of the 20 included studies, 6 were conducted in the United
Kingdom,34-39 5 in the United States,27,40-43 3 in Spain,44-46

and 1 each in Australia,47 Canada,26 Germany,48 Hong
Kong,49 India,50 and the Netherlands51 (Table 2). Study

settings were commonly diabetes clinics, primary health
care facilities, and hospitals (4 studies each). The mean
sample size was 207 patients (range, 14-773 patients).
The mean age of study participants was 58.0 years (range,
48.0-68.8 years), and the mean percentage of male par-
ticipants was 55.2% (range, 31.0%-98.4%). The mean du-
ration of diabetes was 10.9 years (range, 3.7-17.7 years),
and the mean prevalence of any DR was 46.0% (range,
9.0%-83.8%). Eleven studies contributed 1 assessment
of a screening method; 4 studies contributed 2 screen-
ing assessments; 2 studies contributed 3 assessments; and
3 separate studies contributed 4, 5, and 6 assessments,
respectively (Table 3).

The screening methods used were the use of a digital
camera (17 assessments), the use of a film camera (8 as-
sessments), direct examination (8 assessments), the use
of a Polaroid camera (3 assessments), the use of various
combinations of camera types or camera plus examina-
tion (3 assessments), and the use of a scanning laser oph-
thalmoscope (1 assessment) (Table 3). Pharmacologi-
cal mydriasis was used in 23 assessments, no mydriasis
was used in 12 assessments, a combination of mydriasis
and no mydriasis was used in 4 assessments, and myd-
riatic status was not reported in 1 assessment. Of the meth-
ods involving imaging, single-field photography was most
common (15 assessments), followed by 3-field photog-

363 Titles and abstracts

299 Titles and abstracts screened

255 Titles and abstracts identified 
through database searching

108 Titles and abstracts identified
through reference lists

64 Excluded (duplicates)

111 Excluded (not relevant)

23 Excluded (insufficient number of 
studies using same DR classification 

system for statistical analysis)

145 Excluded
Had no reference standard59
Did not meet other inclusion
criteria

33

Did not measure sensitivity or
specificity

19

Used an automated analysis
technique

14

Were non-English articles7
Were cost-effectiveness studies7
Were systematic reviews6

188 Full-text articles assessed
for eligibility

43 Studies measuring
sensitivity and specificity

20 Studies measuring
sensitivity and specificity of

any DR included

Figure 1. Flowchart of the search and selection of titles and abstracts.
DR indicates diabetic retinopathy.

(REPRINTED) ARCH OPHTHALMOL / VOL 129 (NO. 4), APR 2011 WWW.ARCHOPHTHALMOL.COM
437

©2011 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/25/2022



raphy (8 assessments) and 2-field photography (4 as-
sessments).

Images were most frequently taken by a photographer
or technician (12 assessments), general practitioner or
physician (8 assessments), or nurse (3 assessments) and
were most frequently interpreted by an ophthalmologist
(16 assessments), trainee ophthalmologist (4 assess-
ments), retinal specialist (4 assessments), or optometrist
(4 assessments). Reference standards were dilated fundal
examination (23 assessments), 7-field mydriatic photog-
raphy (16 assessments), or both (1 assessment).

For statistical meta-analysis, 5 assessments were made
using a nonmydriatic camera with a nonspecialist photog-

rapher; 8, mydriatic camera, nonspecialist photographer;
4, nonmydriatic camera, specialist photographer, 3, myd-
riatic camera, specialist photographer; 8, direct examination;
and 12, the “other” category (eg, photographer not re-
ported, mydriatic status mixed or not reported, or a com-
bination of examination and photography).

STATISTICAL ANALYSIS

Individual study estimates of sensitivity and specificity
for detecting any DR are contained in the forest plots in
Figures 2 and 3, respectively. The point estimates and
95% CIs are displayed, with screening assessments

Table 2. Characteristics of Studies That Measured the Sensitivity and Specificity of Tests Designed to Detect
Any Diabetic Retinopathy

Source
Region,
Country Setting Patients, No. Eyes, No. Men, %

Age,
Mean (SD)
[Range], y

Duration
of Diabetes,
Mean (SD)
[Range], y

Prevalence
of Any DR, %

Baeza et al,46

2009
Spain Primary health

care
216 432 43.7 68.5 (10.5) 12.8 (8.9) 43.0

Bursell et al,27

2001
Boston,

MA,
United
States

Diabetes clinic 54 108 57.0 48.0 (15.2) [20.0-75.0] 17.7 (9.3) [3.0-42.0] 72.4

Friberg et al,43

2003
United

States
NR 74 NR NR NR NR 83.8

Herbert et al,39

2003
Cambridge,

England
Hospital 145 288 NR NR NR 23.6

Hulme et al,36

2002
St Helens/

Knowsley,
England

Optometrist
clinic

281 561 NR NR NR 26.4

Kleinstein et al,42

1987
United

States
NR 14 25 50.0 NR [18.0-79.0] 14.2 [3.0-23.0] 66.7

Lawrence,41 2004 Minneapolis,
MN,
United
States

Hospital 247;
High resolution, 96;
low resolution, 151

487;
196;
291

98.4 67.5 12.4 [0-58.0] High resolution, 71.8;
low resolution, 58.3

Lopez-Bastida et
al,45 2007

Spain Hospital 773 1546 48.0 Median, 50.8 9.8 42.4

Maberley et al,26

2002
Ontario,

Canada
Outreach 100 200 31.0 54.6 (13.7) [24.0-82.0] NR 38.0

Molina-Fernandez
et al,44 2008

Spain Primary health
care

NR 324 NR 65.4 (9.9) NR 28.7

Murgatroyd et
al,38 2004

United
Kingdom

Diabetes clinic 398 752 57.0 Median, 63.0 9.3 38.6

Neubauer et al,48

2008
Erfurt and

Munich,
Germany

Hospital 64 128 62.0 60.0 (12.0) NR 82.8

Olson et al,37

2003
United

Kingdom
Diabetes and

optometrist
clinic

586 NR 65.0 56.5 [15.9-85.4] NR 26.8

Peters et al,40

1993
United

States
Primary health

care
189 378 47.0 50.6 7.0 31.8

Reenders et al,51

1992
Hoogeveen,

The
Netherlands

Primary health
care

252 NR NR NR NR 9.0

Schmid et al,47

2002
Queensland,

Australia
University

optometry
clinic

22 418 NR NR [47.0-75.0] NR 63.6

Siu et al,49 1998 Causeway
Bay,
Hong
Kong

Diabetes clinic 146 NR 51.0 55.9 [23.0-79.0] 3.7 [0-21.0] 15.0

Taylor et al,35

1999
Exeter,

England
Outreach Group 1, 118;

groups 2 and 3,
118

212;
217

44.0 NR NR Group 1, 51.9;
group 2, 51.2

Verma et al,50

2003
New Delhi,

India
Ophthalmic

clinic
200 400 63.0 53.1 [20.0-81.0] 10.9 [1.5 mo-39.0 y] 64.5

Williams et al,34

1986
United

Kingdom
Diabetes clinic 62 113 NR NR NR 62.8

Abbreviations: DR, diabetic retinopathy; NR, not reported.
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grouped by mydriatic status. For 2 studies,39,49 the lower
limit of the 95% CI for sensitivity was less than 25%
(Figure 2). Pooled estimates for sensitivity and specific-
ity by mydriatic group and overall are also displayed in
Figures 2 and 3. The pooled estimates for all included
studies were 82.5% (95% CI, 75.6%-87.9%) and 88.4%
(95% CI, 84.5%-91.4%) for sensitivity and specificity, re-
spectively. The pooled sensitivity and specificity esti-
mates for the 4 assessments that used a mix of nonmyd-
riatic and mydriatic (ie, mydriasis as required) screening
methods26,39,44 were 68.7% (95% CI, 43.4%-86.3%) and
89.0% (95% CI, 77.3%-95.1%), respectively.

Pooled estimates for various subgroups from the
logistic regression models are presented in Table 4. All
pooled estimates of sensitivity and specificity were
greater than 80% except for the mydriatic status mixed

or not reported category (sensitivity, 74.8%) and the
direct examination category (sensitivity, 73.5% in pho-
tographer analysis and 73.9% in combination analysis).
Variations in mydriatic status alone did not significantly
influence sensitivity (OR, 0.89; 95% CI, 0.56-1.41;
P= .61) or specificity (OR, 0.94; 95% CI, 0.57-1.54;
P=.80) to detect any DR.

Variations in photographer medical qualification
alone did not significantly influence sensitivity (P=.75)
to detect any DR. The odds of a positive test result for
diagnosing any DR when it was evident with the refer-
ence standard for photographers with specialist medical
or eye qualifications were 1.25 times that of photogra-
phers without specialist medical or eye qualifications
(95% CI, 0.31-5.12). For mydriatic camera methods,
the OR was 1.61 (95% CI, 0.36-7.30; P=.54), and for

Table 3. Screening Methods of Studies That Measured the Sensitivity and Specificity of Tests Designed to Detect
Any Diabetic Retinopathy

Source
Screening

Method
Mydriatic

Status
Photographic

Field, No. Photographer Interpreter Category
Reference
Standard

Baeza et al46 Film camera Mydriasis 3 General practitioner Ophthalmologist M, S Cam
Film camera Mydriasis 2 General practitioner Ophthalmologist M, S Cam
Film camera Mydriasis 1 General practitioner Ophthalmologist M, S Cam
Film camera No mydriasis 3 General practitioner Ophthalmologist NM, S Cam
Film camera No mydriasis 2 General practitioner Ophthalmologist NM, S Cam
Film camera No mydriasis 1 General practitioner Ophthalmologist NM, S Cam

Bursell et al27 Digital camera No mydriasis 3 Not reported Grader O Cam
Friberg et al43 SLO No mydriasis Photographer or technician Retinal specialist O Exam
Herbert et al39 Digital camera Mixed or not reported 1 Nurse Retinal specialist O Exam
Hulme et al36 Examination Mydriasis Optometrist DE Exam
Kleinstein et al42 Examination Mydriasis Optometrist DE Cam
Lawrence41 Digital camera Mydriasis 3 Photographer or technician Ophthalmologist M, NS Cam

Digital camera No mydriasis 1 Photographer or technician Ophthalmologist NM, NS Cam
Digital camera Mydriasis 3 Photographer or technician Ophthalmologist M, NS Cam
Digital camera No mydriasis 1 Photographer or technician Ophthalmologist NM, NS Cam

Lopez-Bastida et al45 Digital camera No mydriasis 4 Retinal specialist Grader NM, S Exam
Maberley et al26 Digital camera Mixed or not reported 1 Mixed Retinal specialist O Exam
Molina-Fernandez

et al44
Digital camera Mixed or not reported 3 General practitioner Ophthalmologist O Exam

Digital camera Mixed or not reported 3 General practitioner General practitioner O Exam
Murgatroyd et al38 Digital camera Mydriasis 3 Photographer or technician Ophthalmologist M, NS Exam

Digital camera Mydriasis 1 Photographer or technician Ophthalmologist M, NS Exam
Digital camera No mydriasis 1 Photographer or technician Ophthalmologist NM, NS Exam

Neubauer et al48 Digital camera Mydriasis 7 Not reported Retinal specialist O Cam
Olson et al37 Digital camera Mydriasis 2 Photographer or technician Trainee ophthalmologist M, NS Exam

Digital camera Mydriasis 1 Photographer or technician Trainee ophthalmologist M, NS Exam
Examination Mydriasis Optician or optometrist DE Exam
Film camera Mydriasis 2 Photographer or technician Trainee ophthalmologist M, NS Exam
Film camera Mydriasis 1 Photographer or technician Trainee ophthalmologist M, NS Exam

Peters et al40 Polaroid camera No mydriasis 1 Nurse Diabetologist
or endocrinologist

NM, NS Exam

Reenders et al51 Examination Mydriasis General practitioner DE Exam
Schmid et al47 Examination and

film camera
Mixed or not reported Not reported Optometrist O Exam and cam

Siu et al49 Examination Mydriasis Diabetologist
or endocrinologist

DE Exam

Polaroid camera No mydriasis Not reported Nurse Ophthalmologist NM, NS Exam
Taylor et al35 Digital camera Mydriasis 1 Not reported Not reported O Cam

Polaroid camera
and examination

Mydriasis 1 Not reported Not reported O Cam

Polaroid camera Mydriasis 1 Not reported Grader O Cam
Verma et al50 Examination Mydriasis General practitioner DE Exam

Examination Mydriasis Optometrist DE Exam
Williams et al34 Examination Mydriasis General practitioner DE Exam

Polaroid or
film camera

No mydriasis 1 Not reported Ophthalmologist O Exam

Abbreviations: Cam, 7-field mydriatic photography; DE, direct examination; Exam, dilated fundal examination by an ophthalmologist, retinal specialist, or
equivalent; M, NM, mydriatic camera, nonspecialist photographer; M, S, mydriatic camera, specialist photographer; NM, NS, nonmydriatic camera, nonspecialist
photographer; NM, S, nonmydriatic camera, specialist photographer; O, other methods; SLO, scanning laser ophthalmoscope.
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nonmydriatic camera methods, the OR was 1.31 (95%
CI, 0.30-5.66; P=.72).

The specificity of detection of any DR, however, was
significantly higher for screening methods that use a
photographer with specialist medical or eye qualifica-
tions (P=.001). When photographs were taken by pho-
tographers with specialist medical or eye qualifications,
the odds of a negative screening test when DR was not
evident with the reference standard were 3.86 times
that when photographs were taken by photographers
without specialist medical or eye qualifications (95%
CI, 1.78-8.37). This was largely owing to the effect of
specialists vs nonspecialists in photographs taken with-
out mydriasis (OR, 5.65; 95% CI, 2.24-14.25; P� .001).
For tests using mydriasis, although specificity was again
greater for photographers with specialist medical or eye
qualifications, this difference was not statistically sig-
nificant (OR, 2.42; 95% CI, 0.86-6.84; P= .09). One
study46 yielded 6 of the 7 assessments in the “specialist”
category.

COMMENT

In our meta-analysis of 40 assessments of 20 studies from
9 countries, sensitivity to detect any DR was not influ-
enced by variations in mydriatic status or photographer
medical qualifications, either alone or in combination.
Therefore, retinal photography by a photographer with no
specialist medical or eye qualifications (ie, a health worker
or nurse), without using pupil-dilating eye drops (the out-
reach model), appears unlikely to miss cases of DR that
screening methods using mydriasis or a photographer with
specialist medical or eye qualifications would detect.

Improving screening coverage can prevent blindness due
to DR and reduce overall health care costs; mathematical
modeling demonstrates that increasing screening cover-
age from 30% to 80% in Australia would reduce the over-
all health care cost of DR and its consequences from ap-
proximately $193 million to $178 million per year.52 The
relative benefit is likely much greater in rural and remote

Specificity, % (95% CI) 
79.0 (69.6-86.1)
76.0 (66.3-83.6)
68.0 (57.9-76.6)
94.0 (81.9-98.2)
94.0 (85.1-97.7)
66.0 (55.6-75.0)
76.0 (64.6-84.6)
92.0 (88.5-94.5)
83.0 (75.0-88.8)
85.0 (73.9-91.9)
64.0 (42.8-80.8)
96.0 (83.8-99.1)
82.9 (73.9-89.2)

No Mydriasis  
 Baeza et al46 2009 Film S
 Baeza et al46 2009 Film S
 Baeza et al46 2009 Film S
 Bursell et al27 2001 Digital O
 Friberg et al43 2003 SLO O
 Lawrence41 2004 Digital NS
 Lawrence41 2004 Digital NS
 Lopez-Bastida et al45 2007 Digital S
 Murgatroyd et al38 2004 Digital NS
 Peters et al40 1993 Polaroid NS
 Siu et al49 1998 Polaroid NS
 Williams et al34 1986 Pol. or Film O
 Random-Effects Logistic Regression Overall

Specificity, % (95% CI) 
38.2 (23.9-54.9)
84.4 (69.8-92.7)
94.0 (70.0-99.1)
76.6 (62.6-86.5)
78.4 (63.6-88.2)
74.8 (52.8-88.8)

Mixed/Not Reported  
 Herbert et al39 2003 Digital O
 Maberley et al26 2002 Digital O
 Schmid et al47 2002 Exam + Slide O
 Molina-Fernandez et al44 2008 Digital O
 Molina-Fernandez et al44 2008 Digital O
 Random-Effects Logistic Regression Overall

All Studies Overall

Sensitivity, % 25 50 75 100

82.5 (75.6-87.9)

Mydriasis Author Year Method Photographer
 
 Baeza et al46 2009 Film S
 Baeza et al46 2009 Film S
 Baeza et al46 2009 Film S
 Hulme et al36 2002 Exam DE
 Kleinstein et al42 1987 Exam DE
 Lawrence41 2004 Digital NS
 Lawrence41 2004 Digital NS
 Murgatroyd et al38 2004 Digital NS
 Murgatroyd et al38 2004 Digital NS
 Neubauer et al48 2008 Digital O
 Reenders et al51 1992 Exam DE
 Verma et al50 2003 Exam DE
 Verma et al50 2003 Exam DE
 Olson et al37 2003 Digital NS
 Olson et al37 2003 Digital NS
 Olson et al37 2003 Exam DE
 Olson et al37 2003 Film NS
 Olson et al37 2003 Film NS
 Siu et al49 1998 Exam DE
 Taylor et al35 1999 Digital O
 Taylor et al35 1999 Pol. + Exam O
 Taylor et al35 1999 Polaroid O
 Williams et al34 1986 Exam DE
 Random-Effects Logistic Regression Overall

Sensitivity, % (95% CI)
 
85.0 (76.3-90.9)
86.0 (77.5-91.7)
77.0 (67.4-84.4)
72.0 (60.9-80.9)
74.0 (41.8-91.9)
85.0 (74.7-91.6)
66.0 (55.6-75.0)
90.0 (84.0-93.9)
86.0 (79.4-90.7)
99.0 (91.4-99.9)
52.0 (32.4-71.0)
97.7 (93.5-99.2)
86.5 (79.5-91.3)
83.0 (76.3-88.1)
80.0 (73.0-85.5)
75.0 (66.9-81.7)
89.0 (83.1-93.0)
86.0 (79.7-90.6)
41.0 (23.0-61.8)
74.0 (61.8-83.3)
92.0 (82.4-96.6)
72.0 (59.6-81.8)
93.0 (79.7-97.8)
84.5 (76.9-90.0)

Figure 2. Sensitivity to detect any diabetic retinopathy by mydriatic status. CI indicates confidence interval; DE, direct examination; NS, nonspecialist; O, outreach;
Pol., Polaroid; S, specialist; SLO, scanning laser ophthalmoscope.

(REPRINTED) ARCH OPHTHALMOL / VOL 129 (NO. 4), APR 2011 WWW.ARCHOPHTHALMOL.COM
440

©2011 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/25/2022



areas where specialist resources are scarce and diabetes
prevalence is proportionally higher.

Most guidelines recommend annual screening of pa-
tients with diabetes.13,53 Javitt et al54 modeled the rela-
tionship between screening sensitivity and person-
years of sight saved for annual screening and found that
sensitivity values greater than 60% do not substantially
add to person-years of sight saved or reduce screening
costs. Javitt et al hypothesized that the diminishing ad-
ditional benefit of sensitivity values greater than 60% was
owing to the frequency of screening and the likelihood
that DR cases missed on one visit will be detected on the
next. In our meta-analysis, the pooled estimates for sen-
sitivity to detect any DR for all image-based screening
methods, regardless of mydriatic status and photogra-
pher medical qualifications, were greater than 80%.

We found that screening involving photographers with-
out specialist medical or eye qualifications yielded signifi-
cantly lower specificity (ie, a greater false positive rate) than
screening involving photographers with specialist medi-
cal or eye qualifications, particularly when mydriasis was

not used. This finding should be interpreted in the con-
text that 1 study46 yielded 6 of the 7 assessments in the
specialist category. The greater number of false positives
found when photographers without specialist medical or
eye qualifications were used may be owing to imaging dif-
ficulties or poorer image quality in their photographs, es-
pecially when the pupil is not dilated. The result may be
a referral to an eye specialist for further examination. In
addition to inconveniencing patients, unnecessary refer-
rals place a burden on limited ophthalmological infra-
structure and personnel. Although false positives may be
less harmful than missing DR and the opportunity to pre-
vent vision loss, they may offset some of the economic ad-
vantages of outreach screening methods.

Only 4 assessments from 3 studies followed a mixed
strategy of using mydriasis when required to obtain a bet-
ter image. This is potentially a pragmatic, “best of both
worlds” approach in which the time delay and discom-
fort of mydriasis is mostly avoided without compromis-
ing sensitivity and specificity. The pooled sensitivity es-
timate for these studies (68.7%) was lower than for other

Specificity, %
25 50 75 100

Specificity, % (95% CI) 
96.0 (90.9-98.3)
97.0 (92.3-98.9)
98.0 (93.7-99.4)
76.0 (49.8-91.0)
83.0 (54.8-95.2)
66.0 (53.6-76.5)
45.0 (28.1-63.2)
96.0 (93.8-97.5)
91.0 (85.9-94.4)
93.0 (87.2-96.3)
90.0 (83.5-94.1)
98.0 (80.7-99.8)
87.9 (81.6-92.2)

No Mydriasis  
 Baeza et al46 2009 Film S
 Baeza et al46 2009 Film S
 Baeza et al46 2009 Film S
 Bursell et al27 2001 Digital O
 Friberg et al43 2003 SLO O
 Lawrence41 2004 Digital NS
 Lawrence41 2004 Digital NS
 Lopez-Bastida et al45 2007 Digital S
 Murgatroyd et al38 2004 Digital NS
 Peters et al40 1993 Polaroid NS
 Siu et al49 1998 Polaroid NS
 Williams et al34 1986 Pol. or Film O
 Random-Effects Logistic Regression Overall

Specificity, % (95% CI) 
95.5 (89.9-98.1)
79.2 (67.5-87.4)
93.6 (56.9-99.4)
95.2 (89.6-97.9)
78.6 (69.8-85.4)
88.8 (77.8-94.7)

Mixed/Not Reported  
 Herbert et al39 2003 Digital O
 Maberley et al26 2002 Digital O
 Schmid et al47 2002 Exam + Slide O
 Molina-Fernandez et al44 2008 Digital O
 Molina-Fernandez et al44 2008 Digital O
 Random-Effects Logistic Regression Overall

All Studies Overall 88.4 (84.5-91.4)

Mydriasis Author Year Method Photographer
 
 Baeza et al46 2009 Film S
 Baeza et al46 2009 Film S
 Baeza et al46 2009 Film S
 Hulme et al36 2002 Exam DE
 Kleinstein et al42 1987 Exam DE
 Lawrence41 2004 Digital NS
 Lawrence41 2004 Digital NS
 Murgatroyd et al38 2004 Digital NS
 Murgatroyd et al38 2004 Digital NS
 Neubauer et al48 2008 Digital O
 Reenders et al51 1992 Exam DE
 Verma et al50 2003 Exam DE
 Verma et al50 2003 Exam DE
 Olson et al37 2003 Digital NS
 Olson et al37 2003 Digital NS
 Olson et al37 2003 Exam DE
 Olson et al37 2003 Film NS
 Olson et al37 2003 Film NS
 Siu et al49 1998 Exam DE
 Taylor et al35 1999 Digital O
 Taylor et al35 1999 Pol. + Exam O
 Taylor et al35 1999 Polaroid O
 Williams et al34 1986 Exam DE
 Random-Effects Logistic Regression Overall

Specificity, % (95% CI)
 
94.0 (88.3-97.0)
95.0 (89.6-97.7)
98.0 (93.7-99.4)
77.0 (70.8-82.2)
84.0 (36.8-97.9)
81.0 (62.8-91.5)
86.0 (75.3-92.5)
90.0 (85.4-93.2)
91.0 (86.6-94.1)
86.0 (56.7-96.6)
84.0 (78.7-88.2)
83.6 (73.3-90.4)
88.1 (78.5-93.7)
79.0 (74.9-82.6)
88.0 (84.6-90.7)
82.0 (77.7-85.6)
89.0 (85.7-91.6)
92.0 (89.0-94.2)
93.0 (87.1-96.3)
96.0 (87.3-98.8)
89.0 (78.3-94.8)
88.0 (77.1-94.1)
93.0 (73.7-98.4)
88.6 (83.7-92.1)

Figure 3. Specificity to detect any diabetic retinopathy by mydriatic status. CI indicates confidence interval; DE, direct examination; NS, nonspecialist; O, outreach;
Pol., Polaroid; S, specialist; SLO, scanning laser ophthalmoscope.
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categories, although it still exceeded the threshold re-
ported in Javitt et al,54 and the specificity for mixed my-
driasis (88.8%) was comparable with that of other screen-
ing methods. Further research is required to gain a more
robust picture of the accuracy of this approach.

Although we considered studies that examined accu-
racy of detection of all degrees of retinopathy, we were only
able to analyze studies of screening to detect any DR. There
was too much variation in other categories of DR and too
few assessments in any 1 category. Future studies of DR
screening accuracy should use a consistent DR classifica-
tion scheme, such as that of the International Clinical Dia-
betic Retinopathy Disease Severity Scale.55 This scale was
designed to enable clinically important DR grades to be iden-
tified by less experienced screeners, therefore improving
communication between the various health professions in-
volved in DR screening.4 It also specifies the equivalence
of the most frequently used DR classification scale (ie, the
Early Treatment of Diabetic Retinopathy Severity Scale) to
the International Clinical Diabetic Retinopathy Disease Se-
verity Scale.

Furthermore, 12 assessments from 9 studies had to
be classified as “other” for analysis purposes. In 7 assess-

ments, this was because details of the photographer could
not be ascertained. Better reporting of such details of DR
screening methods, combined with a consistent ap-
proach to DR classification, would enable a greater range
of measures in DR screening studies to be meaningfully
compared and analyzed.

This meta-analysis found that outreach DR screen-
ing is an effective alternative to screening that uses my-
driasis or a medical specialist photographer. The out-
reach model has enormous potential to increase the
screening coverage of at-risk populations in areas of the
world where specialist ophthalmic resources are limited
and to be a cost-effective way of preventing blindness
among diabetics. Outreach DR screening could there-
fore contribute substantially to the Vision 2020 objec-
tive of setting up systems to prevent DR-related vision
loss in high-risk countries, “taking into account the coun-
try’s resources, social expectations and health-care in-
frastructure.”13

Submitted for Publication: March 4, 2010; final revi-
sion received September 12, 2010; accepted September
15, 2010.

Table 4. Effect of Mydriatic Status and Photographer Medical Qualifications on Sensitivity and Specificity to Detect
Any Diabetic Retinopathy

Assessments/Studies, No. by Test

Pooled Estimates

Sensitivity, % (95% CI) Specificity, % (95% CI)

Overall, 40/20 82.5 (75.6-87.9) 88.4 (84.5-91.4)
By mydriatic status

Mydriasis (23/12) 84.5 (76.9-90.0) 88.6 (83.7-92.1)
No mydriasis (12/9) 82.9 (73.9-89.2) 87.9 (81.6-92.2)
Mixed or not reported (5/4) 74.8 (52.8-88.8) 88.8 (77.8-94.7)
Mydriasis vs no mydriasis

P value .61 .80
OR (95% CI) 0.89 (0.56-1.41) 0.94 (0.57-1.54)

By photographer medical qualifications
Specialist (7/2) 85.9 (64.0-95.4) 96.1 (92.8-98.0)
Nonspecialist (13/5) 82.9 (71.1-90.6) 86.6 (81.2-90.6)
Direct examination (8/7)a 73.5 (59.0-84.3) 84.6 (77.7-89.6)
Other (12/9)a 85.9 (75.8-90.2) 87.8 (82.0-91.9)
Specialist vs nonspecialist

P value .75 .001
OR (95% CI) 1.25 (0.31-5.12) 3.86 (1.78-8.37)

By combination categories
Mydriatic camera, specialist photographer (3/1) 89.8 (69.8-97.1) 95.1 (88.7-98.0)
Mydriatic camera, nonspecialist photographer (8/3) 84.5 (72.9-91.7) 88.9 (83.0-92.9)
Nonmydriatic camera, specialist photographer (4/2) 84.5 (60.8-95.0) 96.6 (92.9-98.3)
Nonmydriatic camera, nonspecialist photographer (5/4) 80.6 (66.2-89.8) 83.2 (74.4-89.4)
Direct examination (8/7)a 73.9 (59.7-84.4) 84.8 (78.1-89.7)
Other (12/9)a 85.9 (75.8-92.2) 87.7 (81.8-91.9)
Mydriatic camera, specialist photographer vs mydriatic camera,

nonspecialist photographer
P value .54 .09
OR (95% CI) 1.61 (0.36-7.30) 2.42 (0.86-6.84)

Nonmydriatic camera, specialist photographer
vs nonmydriatic camera, nonspecialist photographer

P value .72 �.001
OR (95% CI) 1.31 (0.30-5.66) 5.65 (2.24-14.25)

Abbreviations: CI, confidence interval; OR, odds ratio; other, all other methods (eg, photographer not reported, mydriatic status mixed or not reported, and
combinations of examination and camera).

aThese categories were in 2 meta-analysis models. Pooled estimates for these categories vary slightly between models because of model-specific variations in
estimates of residual heterogeneity.
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